The determination of the structure and properties of associated liquids could provide deeper insight into the phenomenon of the molecular interactions and is of great importance in biology and chemical physics. Dielectric constant measurements have been extensively used to obtain the electric dipole moment of molecules with the object of determining the polarities of their bonds, geometrical structures of the molecules and significant shifts of the electric charge in them. Dielectric parameters such as Kirkwood correlation factor, effective correlation factor, corrective correlation factor and thermo dynamical excess parameters for a mixture of diethyl phthalate with isobutanol and benzonitrile were determined at 303 k, 313 k and 323 k. The results were interpreted accordingly.
I. INTRODUCTION
The electric permittivity often called the dielectric constant is a characteristic quantity, which can be easily measured. Dielectric constant measurements have been extensively used to obtain the electric dipole moment of molecules with the object of determining the polarities of their bonds, geometrical structures of the molecules and significant shifts of the electric charge in them. The calculation of molecular dipole moment from the measured dielectric constant of the bulk material depends upon the molecular interactions with their neighbors.
When an electric field acts on a molecule, it shifts to form an induced dipole, usually much smaller than the permanent dipole due to structural symmetry of the molecule. The dipole moment values are in the order of debye. Debye had related the dielectric constant and dipole moment with the molar polarization. But Debye's theory could be applied only to gaseous molecules. But Smyth had determined the dipole moment of dilute solutions of non-polar solvents to reduce the effects of internal field in the liquids. Onsagar equation related the dipole moment and dielectric constant for pure liquids. But this model was found to be applicable only for non-associative pure liquids.
II. RELATED WORK

A.
STATISTICAL MECHANICAL CONSIDERATRIONS OF STATIC DIELECTRIC CONSTSNT AND 'g' FACTOR Consider a macroscopic cavity of volume V containing N molecules. Let E 0 be the mean macroscopic field due to the electric charges outside this volume, then the mean moment < M E > at the volume in the direction of the field is given by
Here U 2 is the rotational intermolecular interaction energy of the molecules, dX i , dX j are co-ordinates to represent i th and j th molecules.
Taking into account the deformation polarization, electronic as well as atomic
A model in which no boundary effect needs to be considered has been given by Frohlich [1] . He was able to replace the molecules by a set of non-deformable point dipoles of moment P, placed in continuous medium of dielectric constant . By treating the deformation polarization as a macroscopic phenomenon, he was able to show that this takes care of deformation effects. The moment of the spherical molecule is then
Hence one can write
where N A -vogadro's number d -Density of the medium M -Molecular weight M* -Moment of the spherical cavity placed in a continuous dielectric medium with a moment defined by P'. Therefore,
If the fundamental unit is the molecule itself, then
he dimensionless parameter 'g' in this equation reflects the average mutual orientation correlation between the representative dipolar molecule and its neighbors. According to this equation 'g' is always positive; the phenomenological generalization of Kirkwood formula as given above was further refined by many workers [2] [3] [4] . Though they were able to provide the necessary ingredients for a correct microscopic theory, the phenomenological expressions given by the equation (15) completely holds good for polarizable species [5] . It is obvious that 'g' describes something about the orientation ordering of molecules in a liquid through the angular correlation of the neighboring dipoles and hence a measurement of 'g' could give useful information about the local structure of the liquid.
B. DIPOLAR EXCESS THERMODYNAMIC
FUNCTIONS Meaningful information concerning the cohesive energy of a system by employing different experimental techniques can be obtained from these measurements of thermodynamic excess functions and is found to be more significant since these functions have been utilized to interpret the solution models. However the model does not include the effect of dispersion forces and the short-range correlations due to association. Winklemen and Quitsch [7] utilized the concept of correlation in the statistical theory of RamShaw [8] , Wortheim's [9] mean spherical model and formulate a themodynamical equation for the calculation of the dipolar excess thermodynamic functions. This theory includes mutual correlation between like and unlike polar molecules. Davis and Douheret [10] used the four-segment composition model and estimated the dielectric properties of polar liquids. Tripathy and Swain [11] , Ray and Roy [12] and Sabesan et al. [13] found that Winklemann and Quitzsch expression is the most appropriate one for the study of dipolar excess thermodynamic properties of associated liquids in an inert solvent in the study. We have attempted to calculate the dipolar excess free energy using our values of the linear correction factor ' g '. A survey of literature shows that no such studies have been done for the systems which we have taken. The excess Helmholtz free energy of mixing due to the dipolar interaction is given by
C. THERMODYNAMIC EXCESS FUNCTION DUE TO DIPOLAR INTERACTIONS
The dipolar excess free energy of mixing is positive in the entire concentration range. It is found that at high dilution, the contributions due to long-range interactions are given by the value of E 0 ΔF . The interaction arising due to short-range interactions is indicated by the value of
III. SCOPE OF THE PRESENT WORK
The dielectric parameters such as Kirkwood correlation factor, effective correlation factor, corrective correlation factor and thermo dynamical excess parameters for a mixture of the following binary liquids were determined. 1. diethyl phthalate + isobutanol 2. diethyl phthalate + benzonitrile Dielectric constant at a static frequency, refractive index corresponding to sodium D-line and density of the mixture at different concentrations were determined. The solution was prepared for different concentrations in terms of mole fraction. The experiment was carried out at the temperatures 303 K, 313 K and 323K.
IV. MATERIALS AND METHODS
Purification of Chemicals i) benzene
The BDH Analar variety of benzene was first treated with anhydrous calcium chloride, filtered and then dried over sodium. Then it was distilled. The liquid collected was redistilled after treating it with phosphorous pentoxide and collected at 8 ˚C.
ii) diethyl phthalate, isobutanol and benzonitrile
Aldrich quality of diethyl phthalate, isobutanol and benzonitrile obtained from Sisco Research Lab., Mumbai, were used without further purification
A. DIELCTRIC CONSTANT MEASUREMENTS
The dielectric constant was determined by the measurement of the capacity of a cylindrical cell (with and without liquid) at 1 KHZ by a digital LCR meter (VLCR 7) supplied by Ms.
Vasavi Electronics, Secunderabad. The temperature was maintained constant using thermostat supplied by Ms. Raagaa Industries, Chennai. The fluctuation in temperature was ± 0.05 o C. From the readings of VLCR, the dielectric constant was calculated using the calibrated data. The scale of the instrument was calibrated using standard liquids like carbon tetrachloride, benzene, toluene and chlorobenzene.
B. DIPOLE MOMENT MEASUREMENTS
Halverstadt and Kumler method.
Halverstadt and Kumler assumed linear variation of and the specific volume v with concentration
This method was used to determine the dipole moment.
C. INTRODUCTION OF EFFECTIVE CORRELATION FACTOR
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The Kirkwood correlation factor g is also a parameter affording information regarding orientation of electric dipoles in polar liquids. The Kirkwood correlation factor (g) for the pure liquid is given by the expression
where μ is the dipole moment in the gas phase. ρ is the density at a temperature T, M is the molecular weight, K is the Boltzmann constant and N A is the Avogadro number. For a mixture of two polar liquids say A and B the equation is modified by Kumbharkhane using some assumptions.
Assume that (g) for the mixture is expressed by an effective averaged correlation factor (g eff ) such that Kirkwood equation for the mixture can be expressed as
where X A and X B are the volume fractions of liquids A and B respectively and g eff is the effective Kirkwood correlation factor for a binary mixture. Another way to visualize the variation in Kirkwood correlation factor is to assume that the correlation factor for molecules and B in mixture contribute to effective 'g' in proportion to their pure liquid values g A and g B . Under this assumption Kirkwood equation for the mixture can be written as
where f g is the correlation factor for mixture. The value of g eff in equation will change from g A to g B as the fraction of component B increases from zero to unity. In equation (26), g f is unity for pure liquids and will remain close to unity if there is no interaction between A and B.
D. DIELECTRIC PARAMETER RELATED TO MOLECULAR BEHAVIORS
There are different formulae with which one can correlate dielectric parameters with molecular activities in liquid. The correlation between dielectric parameters and molecular interaction as well as the structural changes in mixture can be explored to some extent by using various theories. In the absence of exact theory exploring these quantities, available theories with some assumptions can provide the trend regarding interactions and the structural changes.
V. EXCESS PARAMETER
Studying the excess dielectric properties can access the useful information regarding the structural changes in binary mixtures. Let A and B be two molecular systems with measurable macroscopic properties P A and P B . If we prepare the mixture of A and B having mole fractions X A and X B = 1 X A, the excess macroscopic property P E corresponding to mixture is defined as
where P AB is the measured value of property P for mixture. The value of P E provides information regarding interaction between A and B. P E > 0 indicates that interaction between A and B leads to increase in the value of property P. Similarly, P E < 0 indicates decrease in macroscopic property P. In the present work, excess dielectric properties are determined corresponding to static permittivity and molar volume. The excess permittivity ( E ε ) is defined as
where X is the mole fraction and the subscripts m, A and B represent mixture, solvent and solute respectively.
The excess permittivity E ε may provide qualitative information about the multimer formation in mixtures as follows.
1. E ε = 0 indicates that the liquid A and B do not interact at all.
2.
E ε < 0 indicates that the liquid A and B interact in such a way that the total effective dipole gets reduced. The liquids A and B may form multimers leading to the less effective dipoles. In general, the negative excess permittivity indicates the formation of multimers in the binary mixtures.
3.
E ε > 0 indicates that the liquids A and B interact
in such a way that the total effective dipole moment increases. There is a tendency to form multimers, dipoles aligned in parallel direction.
The excess molar volume may be defined as ( ) Fig. 3 -Variation of ε E with X 2 Fig. 2 -Variation of g f with X 2 Fig. 4 - Fig. 7 -Variation of ε E with X 2 Fig. 6 -Variation of g f with X 2 Fig. 8 -Variation of f B with X 2
VI. RESULTS
The values of dielectric constants ( 0 ε and  ε ) , density (ρ) the average effective correlation factor (g eff ) and the excess permittivity ( E ) and the thermodynamic excess free energies ( 
VII. CONCLUSION
From the Tables, it is found that values of 0 ε have a nonlinear variation with the concentration for all the systems studied. The non-linear variation of 0 ε confirms the presence of the interaction between the unlike molecules. Similar results were reported by Kroeger [14] . Vyas et al. [15] have pointed out that a non-linear variation of dielectric constant with concentration may be due to interaction between the molecules. For the system diethyl phthalate + isobutanol, as the concentration increases, g eff increases indicating that more parallel orientation is favoured. Similar results were reported by Helembi et al. [16] . This shows that addition of isobutanol makes the alignment of the dipoles more parallel. This may be due to the interaction between the unlike molecules. The interaction between the unlike molecules produces an electric field which makes dipoles to have more parallel orientation. The same trend happens at all temperatures.
For the system, diethyl phthalate + benzonitrile, g eff exhibits a steady decreasing tendency as the concentration of nitrile goes on increasing. It favours the anti parallel orientation of the dipoles. This happens when X B is about 50%. After this, g eff increases indicating that more parallel orientation is favoured. Initially anti parallel orientation is favoured. When the concentration is more than 50%, the molecular dipole orientation is changed from anti parallel to parallel.
Deviation of g f from unity indicates the interaction between the components in the mixture. For an ideal non interacting mixture g f must be unity and the magnitude of the deviation of g f from unity indicates the magnitude of interaction between the compounds. A greater deviation from unity means a larger strength of interaction [17] .
For the system diethyl phthalate + isobutanol, the strength of the interaction between the unlike molecules is maximum when X B is about 50 %. The values of g f deviate more from unity indicating strong heterogeneous intermolecular interactions, as reported by S. Kumar [18] . The values of g f are found to depend more on concentration than temperature, as reported by Balamurugan. [19] .
For the system diethyl phthalate + benzonitrile, the strength of the interaction between unlike molecules is maximum when X B is about 50 %. In nitrile rich region the deviation of g f from unity is small compared to phthalate rich region, indicating a weak hetero interaction. The same trend repeats at all temperatures. .
The excess permittivity is a dielectric parameter which provides valuable information regarding the interaction between the unlike molecules of the polar-polar liquid mixtures. he change in the value of E with concentration is due to the interaction between dissimilar molecules, which may produce structural changes. For all the systems, it is found to vary with X B.
For the system diethyl phthalate + isobutanol, the excess permittivity values are negative over the entire range of solute mole fractions at all temperatures studied. The negative value of E indicates that the molecules in the mixture form multimers through H-bonding in such a way that the effective dipole moment gets reduced. Our results are in good agreement with those reported by Mehrotra. [20] .
For the system diethyl phthalate + benzonitrile, the excess permittivity values are negative over the entire range of solute mole fractions at all temperatures studied. The negative value of E indicates that the molecules in the mixture form multimers through H-bonding in such a way that the effective dipole moment gets reduced.
It is found that the value of excess permittivity is large for benzonitrile with diethyl phthalate than alcohol with diethyl phthalate. Thus the interaction is stronger for the mixtures containing nitriles and the interaction is weaker for the mixtures containing alcohols [21] .
The hetero interaction and homo interaction between the components of a liquid mixture can be studied by the determination of excess free energy on mixing. Values of excess free energy ( E 0 ΔF ) explains the long-range dipoledipole interaction between the molecules. The short-range interaction due to hydrogen bonding between the solute molecules is reflected by F values. Values of E 0 ΔF suggest the presence of long-range dipole-dipole interaction. The increasing rate of E 0 ΔF with X 2 indicates that the strength on the interaction also increases. This may probably be due to the increasing number of molecules of one component with its increasing concentration. For the systems studied, values of E 0 ΔF increase with concentration indicating the increase in the strength of the interaction [22] .
For the system diethyl phthalate isobutanol value of F E jj is positive and increases with concentration and is maximum when X B is about 50%. This shows the breakage of Hbonding [23] . After this, F decreases. This shows the formation of H-bonding. When the temperature is increased, the shift of breaking of H-bonding into formation of Hbonding takes place at lower concentrations. Conclusion on similar lines has been reported by Thenappan. [24] .
For the system diethyl phthalate + benzonitrile, value of F E jj is negative and increases with concentration and is maximum when X B is about 50%. This shows the breakage of H-bonding. After this, F decreases. This shows the formation of H-bonding. When the temperature is increased, the shift of breaking of H-bonding into formation of Hbonding takes place at lower concentrations.
The other dielectric parameter determined in the present study is Bruggeman parameter (f B ), which gives information on the interaction between the components in the mixture. For the systems studied the values are found to vary nonlinearly with volume fraction at all temperatures as shown in the figures, which indicates that there is an interaction between the components [25] .
